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The authors present da ta  on the  normal standards of t h e  

pulse wave and the  ve loc i ty  of  i t s  spread i n  vesse ls  of t he  

extremity. 

ment of disturbances of per ipheral  c i rcu la t ion .  

of t h e  pulse curve, as w e l l  as the  pulse wave ve loc i ty  spread 

a r e  var iab le  f o r  d i f f e r e n t  vascular a reas  of extremit ies .  An 

explanation i s  presented of t h e  relative increase  of t h e  volu- 

These da ta  are necessary f o r  an  objec t ive  assess- 

The amplitude 

metric sphygmogram recorded a t  the  

The arterial  pulse i s  widely used today 

A convenient vers ion of per iphera l  vessels .  

upper level of t h e  shin.  

-5 
i n  studying d iseases  of t h e  

t h e  sphygmograph, using an e l e c t r i c  

capsule to r e g i s t e r  small pressure f luc tua t ions ,  has been proposed by Ye.B. 

Babskiy and assoc ia tes  (Bibl.1). 

The capsule f o r  recording smll f luc tua t ions  of pressure cons is t s  of a 

Marey drum, where t h e  s ty lus  i s  replaced by a steel  p l a t e  of 0.1 mm thickness  

with wire tensometers connected t o  it over  a d i f f e r e n t i a l  bridge c i r c u i t .  

f l uc tua t ions  of t h e  ar ter ia l  wall a r e  sensed by a conventional pneumtic  cuff 

of 10 cm width, connected with t h e  Marey drum by a n  a i r  coupling. 

placed on t h e  part of the  extremity t o  be studied, and a pos i t ive  pressure of 

The 

The cuff i s  

9 Laboratory of C l in i ca l  Physiology (Director,  Professor Ye.B.Babskiy, Academi- 
c ian  UkrSSR Acad. Sci.)  ; I n s t i t u t e  of Normal and Pathological Physiology, 
Academy of Medical Sciences, USSR. 
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40 cm water column i s  establ ished and checked by a manometer. 

The changes i n  volume on passage of a pulse wave across t h e  part of t h e  /A& 

extremity being examined cause a proportional r i s e  i n  pressure i n  the  cuff- 

capsule system and modify t h e  curvature of t h e  s teel  plate .  As a r e s u l t  t h e  

bridge goes out of balance. 

arises i n  i t s  measuring diagonal. This s igna l ,  i n  form and amplitude, corre- 

sponds exac t ly  t o  t h e  mechanical processes t ak ing  place i n  t h e  part of t h e  

extremity being examined. 

on a loop oscil lograph. 

is a subs t an t i a l  advantage of t h i s  method over  the  pellet method i n  t h a t  t h e  

pulse f luc tua t ions  can be recorded on any part of t h e  extremity. 

Numerous papers were published on*c l in i ca l  use of t h e  volume sphygmgraph 

Since i t s  a m  are sensors, an  e l e c t r i c  s igna l  

After  amplification, t h e  e l e c t r i c  signal is  recorded 

It The resultant pulse curve i s  a volume sphygmgram. 

the  

(Bibl.3, 4, 10). 

standards f o r  pulse curves recorded by t h i s  method. 

In su f f i c i en t  study, however, has been devoted t o  t h e  normal 

We made a sphygmographic study of 30 apparent ly  healthy tes t  subjec ts ,  

aged 20 t o  30 years.  

minute rest sphygmograms were successively recorded a t  f o u r  l eve l s :  a t  t h e  

upper extremit ies :  shoulders, upper and lower t h i r d  of t he  forearms, and wrists; 

a t  t h e  lower extremit ies :  th ighs ,  upper and lower t h i r d  of t h e  t i b i a ,  and feet .  

Thus, i n  each case we recorded 16 sphygmograms, synchronously with, on t h e  same 

s t r i p ,  an  electrocardiogram. 

c r o t i c  r i s e  and t h e  ve loc i ty  of t he  pulse wave i n  various parts of the  extremi- 

t i es  . 

The subjec t  was piaced on a couch, ar;c! after a f i v e  

We studied t h e  amplitude va r i a t ions  i n  t h e  ana- 

The height of t h e  pulse wave, expressed i n  some absolute  u n i t ,  showed con- 

s ide rab le  individual  va r i a t ion  i n  t h e  various subjec ts .  

made a r e l a t i v e  amplitude ana lys i s  of t h e  sphygmgrams taken from various par t s  

With t h i s  i n  mind, we 
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of t h e  extremit ies .  For t h i s  purpose, t h e  amplitude of t h e  pulse wave on the  , 

shoulder and thigh of each subject  was taken as 100, and t h e  amplitude of t h e  

o the r  parts of t h e  extremity was expressed i n  percent of t h a t  value (Table 1). 

TABU3 1 

MEAN VALUES OF AMPLITUDE OF ANACROTIC RISE IN VARIOUS 
P m S  OF THE EXTREMITIES ( I N  RELATIVE UNITS) 

S i t e  of Test 

Thigh ..................... 
Tibia (upper t h i r d )  ....... 
Tibia (lower t h i r d )  ....... 
Foot ...................... 
Shoulder .................. 
Forearm (upper t h i r d )  ..... 
Forearm (lower t h i r d )  ..... 
Wrist ..................... 

~ 

Amplitude of Anacrotic Rise i n  Percent 
of its Value on Thigh and Shoulder 

- ~~~ 

Right Limb, 
M * m* 

100 
134.4 * 4.5 
65.7 k 4.1 
r 6 . 5  f: 2-9 

100 

65.0 * 3.7 
132.2 -f: 3.9 

a1.7 f 6.1 

Left Limb 
M & m  

100 

65.2 * 3.4 
46.0 f 3.0 

100 
131.4 f 3.2 
63.7 i 2.5 

133.1 f 3.5 

118.4 * 6.0 

+ M - Arithmetic mean; m - Mean-square e r r o r  of a r i thmet ic  mean 

Table 1 shows that the  amplitude of  t he  pulse wave on the  lower extremi- 

t i es  depends on t h e  region i n  which it i s  taken (see a l s o  Fig.1). 

amplitude of t h e  anacrotus, taken a t  t h e  l eve l  of the  upper t h i r d  of t h e  t i b i a ,  

i s  on t h e  average 33 - 35% greater than on t h e  thigh. 

t h e  t ibia ,  the  amplitude of t h e  pulse curve i s  about 34 - 35% lower than a t  t h e  

height  of t h e  thigh. 

lower. A more d i f fe ren t ia ted  study of t h e  extremit ies ,  i.e., a recording of 

sphygmograms f r o m  more than  fou r  parts  of t h e  l e g  (usual ly  from seven parts) 

shows t h a t  t h e  relative increase i n  anacro t ic  amplitude begins a t  t h e  region of 

t h e  p o p l i t e a l  space, and t h a t  of r e l a t ive  decl ine a t  about t h e  middle of t h e  

t ibia .  

Thus, t h e  

On t h e  lower t h i r d  of 

On t h e  f e e t ,  t h e  amplitude of t h e  pulse wave is  s t i l l  

,/& 
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The curve (Fig.1) character iz ing t h e  va r i a t ion  i n  anac ro t i c  amplitude with 

t h e  s i t e  of t he  sphygmogram on t h e  limbs w i l l  be cal led here  t h e  amplitude 

gradient  of t he  pulse. 

pe lv i c  limb is of great  p rac t i ca l  importance i n  t h e  examination of pa t ien ts  w i t h  

i nc ip i en t  forms of vascular  disease,  when ordinary analysis of t h e  pulse curve 

reveals  no d isorder  whatever. One of t he  f i r s t  objec t ive  s igns  of disorder  i n  

such cases usual ly  i s  t h e  disturbance o f  t h e  amplitude gradient  (see Fig.1). 

A study of t h e  amplitude gradient  of t h e  pulse on t h e  

M 

u 
Q 
3 
Y .* 
& 

P 
6 .. 
V 

.rl Y 

Fig.1 Amplitude Gradients of Pulse on t h e  Extremities 
Lines with c i r c l e s  : amplitude va r i a t ions  of sphygmogram on 
t h e  limbs of heal thy subjects (mean da ta  f o r  both limbs); 

e n d a r t e r i t i s  o b i i t  eram 
l i n e s  with dots :  anplitude gradients  i n  pa t ien ts  with 

The r e l a t i v e  increase i n  anacrot ic  amplitude on the  upper t h i r d  of t h e  

t i b i a  by comparison with t h e  o ther  par ts  of t h e  lower limb had been noted by 

E.L.Romel? (Bib1.3) and, i n  h i s  opinion, i s  explained by t h e  more supe r f i c i a l  

l oca t ion  of t h e  blood vesse ls  i n  t h i s  part of t h e  shin. We a l s o  consider t h a t  

t h i s  amplitude f ea tu re  i s  connected with t h e  anatoqy of t h e  blood vessels  of t h e  

foo t ,  i n  pa r t i cu la r  with t h e  branches of t h e  pop l i t ea l  artery i n  t h e  region of 

t h e  p o p l i t e a l  space on t h e  a n t e r i o r  and pos te r ior  great  femral a r t e ry .  I n  each 

of t h e s e  two  a r t e r i e s ,  t h e  cross sect ion i s  only a l i t t l e  smaller than i n  the  

unbranched part. For t h i s  reason, t h e i r  t o t a l  cross sec t ion  is  grea te r  than in 

t h e  p o p l i t e a l  artery, so that the  volume changes i n  t h e  limb i n  t h i s  region, 
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which t ake  place on passage of t h e  pulse wave, w i l l  l ikewise be grea te r .  A s  a 

M * m  

resu l t ,  an  o s c i l l a t i o n  of higher amplitude is  regis tered on t h e  volume sphygmo- 

gram. 

t h e  volume sphygmogram a t  a s u f f i c i e n t  cuff width, gives readings that are 

s t r i c t l y  proportional t o  t h e  volume changes of t h e  a r t e r i e s .  

We note, i n  agreement with N.N.Savitskiy (Bibl.4) t h a t  t h e  amplitude of 

The da ta  obtained by a time analysis  of t h e  anacro t ic  par t  of t h e  sphygmo- 

gram (Table 2) provides a c e r t a i n  confirmation of t h i s  explanation. 

M k m  

TABLE 2 

Left  lower 
limb 

MEAN DURATION OF ANACROTIC RISE ON SPHYGMCGRAMS OF 
THE PELVIC LIMB ( I N  SECONDS) 

0.173 f 0.003 0.182 t 0.003 

I 0.171 f 0.004. 0.181 f 0.003 I Right lower 
limb 

Tibia  
(Lower Third) 

M A m  

0.1% f 0.003 

O.l.4.7 5 0.003 

Foot 

M * m  

As shown in Table 2, t h e  durat ion of t h e  anacro t ic  r ise on t h e  sphygmo- 

grams, taken from various regions of t h e  legs ,  var ies  by approximately the  same 

l a w  as t h e  amplitude gradient .  

t h e  t h e  of rise of t he  arterial  pulse is  d i r e c t l y  re la ted  t o  t h e  ar ter ia l  

pressure.  

which depends on t h e  s i t e  of measurement (Bibl.11) i n  about t h e  same way as t h e  

amplitude gradient and time gradient of t h e  pulse. 

nected with t h e  sudden surges with which t h e  pressure i n  any hydraulic system 

varies over  regions with varying cross sec t ion  and, i n  pa r t i cu la r ,  increases  a t  

places  of branching of t h e  system. 

According t o  l i t e r a t u r e  da ta  (Bibl.7, 8, a), 

However, t h e  arterial  pressure i n  t h e  limbs is a va r i ab le  quant i ty ,  

This f a c t  is probably con- 

Thus, t h e r e  is  reason t o  be l ieve  t h a t  t h e  
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v a r i a t i o n  i n  t h e  durat ion of t h e  anacro t ic  r ise on t h e  pulse curve is corre- 

l a t ed  with t h e  cross sec t ion  of t he  per ipheral  blood vessels. 

The interference of t h e  pulse waves described by Wiggers ( ~ i b 1 . 6 )  may a l s o  

play a c e r t a i n  par t  i n  t h e  causative e f f ec t  f o r  t he  nonuniformity of t h e  ampli- 

tudes of t h e  sphygmogram on various par ts  of t h e  lower limb. 

The amplitude gradient of t he  pulse on t h e  upper limbs d i f f e r s  somewhat 

f r o m  t h e  gradient on the  lower limbs. 

t o  t h e  second increase i n  t h e  amplitude of t h e  anacro t ic  rise of t h e  wr i s t s  

(see Table 1 and Fig.1) . 
upper limbs probably is  a l s o  due t o  the  anatorqy of t h e  a r t e r i a l  system. 

These differences are primarily re la ted  

This continuation of t h e  amplitude gradient  on t h e  

The next feature of t h e  amplitude gradient of t he  pulse i n  t h e  upper limbs 

i s  t h e  pronounced asymmetry of t h e  pulse waves on t h e  r i g h t  and l e f t  wrists. 

t h e  27 t e s t  subjects ,  t he  absolute  amplitude (i.e., expressed i n  mm of deflec- 

t i o n  of  t h e  t r ace )  of t h e  pulse wave is g rea t e r  on t h e  r i g h t  wrist than on t h e  

l e f t .  I n  only th ree  of t h e  subjec ts  was t h e  opposite r e l a t ionsh ip  noted. The 

asymmetry i n  mst cases was extremely marked: wlereas, in t h e  c t h e r  regions of 

t h e  extremities, t h e  r a t i o  of t h e  right-limb amplitudes t o  those on t h e  sym- 

met r i ca l ly  corresponding region of  the l e f t  limb f luc tua ted  as a rule within 

k20$, t h e s e  same r a t i o s  on t h e  wr is t s  ranged from -30 to +lOO$. The pronounced 

asymmetry of the  amplitude of t h e  pulse waves on t h e  wrists i n  healthy subjec ts  

is most l i k e l y  due i n  part t o  t h e  b e t t e r  development of t h e  musculature of t he  

r i g h t  hand and t h e  g rea t e r  blood supply t o  it. 

In 

I 

According t o  l i t e r a t u r e  data  (Bibl.2, 5, e tc . ) ,  t h e  asymmetrg of t h e  

a r t e r i a l  v ibra t ions  is  regarded as having a ce r t a in  d iagnos t ic  s ignif icance.  

Our own da ta  ind ica te  t h a t  t h i s  t e s t  should be used with caution. 

i n e q u a l i t y  of the  amplitudes of t he  pulse waves on symmetric regions of the  

I n  pa r t i cu la r ,  
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healthy subjec ts  with no vascular  o r  nervous d isease  whatever. 

The amplitude gradient  of t h e  pulse on t h e  upper limbs i s  l ikewise of 

grea t  p r a c t i c a l  s ign i f icance  f o r  t h e  diagnosis of d i sorders  i n  per ipheral  circu- 

l a t i o n  (see Fig.1). 

The n o m 1  standards of var ia t ion  i n  t h e  pulse wave amplitude establ ished 

by us, on comparison with t h e  data  obtained by examination of various pa t ien ts ,  

give information not only on the  disturbance of c i r cu la t ion  i n  t h e  per ipheral  

blood vesse ls  but a l s o  on t h e  degree and seve r i ty  of  t h e  disorder .  

I n  s p i t e  of t h e  considerable number of repor t s  on s tud ie s  of t h e  pulse 

wave ve loc i ty  i n  normal and pathological cases, t h e  value of t h i s  index i n  

various regions of the  limbs has  never been s u f f i c i e n t l y  defined. 

is a r a the r  important f a c t o r ,  s ince  it is w e l l  known (Bibl.4) t h a t  t h i s  ve- 

S t i l l ,  t h i s  

/51 
l o c i t y  is a var iab le  quant i ty  and sometimes changes abrupt ly  over sho r t  d i s -  

tances .  

t h i s  point .  

The volume sphygmgraph is  the most convenient method of inves t iga t ing  

We determined t h e  rate of  propagation of  t h e  pulse wave i n  t h e  following 

manner: The cuff was successively applied t o  t h e  proximal and then to  t h e  

d i s t a l  end of t h e  region of t h e  limb under study. Each time a n  ECG was taken 

simultaneously with t h e  sphypgram.  We then  calculated t h e  time between t h e  

t o p  of t h e  peak R of t h e  EGG and t h e  beginning of t h e  anacrotus on t h e  curves 

recorded i n  the  proximal (Tp) and the d i s t a l  end of t h e  region of t h e  study (Td) 

and measured t h e  length of t h e  region (L). 

The ve loc i ty  of t h e  pulse wave (V) was calculated from t h e  formula 

7 



I n  t h e  t es t  subjects ,  we determined t h e  pulse wave ve loc i ty  i n  t h e  follow- 

i n g  regions of t h e  limbs: th igh  t o  upper t h i r d  of t ibia,  upper t h i r d  of t ibia  

t o  lower t h i r d ;  lower t h i r d  of t ibia  t o  f o o t ;  then, shoulder t o  upper t h i r d  of 

Regions i n  which t h e  Rate of Fropga- 
t i o n  of t h e  Pulse Wave w a s  Determined 

forearm; upper t h i r d  of forearm t o  lower t h i r d ;  lower t h i r d  of  forearm t o  wrist. 

We a l s o  determined t h e  mean ve loc i ty  on t h e  limb as a whole, as w e l l  as t h e  r a t k  

Mean Value Extreme Range of 
of V, m/sec Fluctuat ion of 

V, m/sec 

of propagation of t he  pulse wave i n  the  ao r t a .  

This ve loc i ty  was calculated f r o m  t h e  formula: 

where L ,  i s  t h e  length of t h e  blood vessels  f r o m  t he  hear t  t o  t h e  th igh;  Tr is 

t h e  time between t h e  peak Q of t h e  ECG and t h e  beginning of t h e  anacrotus on 

t h e  femoral pulse;  and tt i s  t h e  stress time of t h e  ven t r i c l e s  of t h e  heart 

(determined f r o m  t h e  cardiodynamogram) 

TABLE 3 

RATE OF PROPAGATION OF PULSE WAVE IN VARIOUS AKTERIES 

Aorta 
Upper l i m b  as a whole 
Shoulder t o  forearm (upper t h i r d )  
Upper t o  lower t h i r d  of forearm 
Forearm (lower t h i r d )  t o  wrist 

b.8 
7 -3 
6.2 
13.1 
8 .O 

4 - 7  
5 - 9  
r, - 11 
10 - 17 
6 - 10 

Lower limb as a whole 
Thigh t o  t i b i a  (upper t h i r d )  
Upper t o  lower t h i r d  of t i b i a  
Tibia (lower t h i r d )  t o  f o o t  

9.5 
a.0 
7 *1 

13.2 

8 - 11 
12 - 16 
6 - 8  
9 - 20 

The r e su l t an t  da ta  (Table 3) are i n  s a t i s f a c t o r y  agreement with l i t e r a t u r e  

concepts t o  t h e  effect t h a t  t h e  r a t e  of propagation of t h e  pulse wave is  rela- 

8 
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t i v e l y  g rea t e r  i n  a r t e r i e s  of t he  muscular o r  d i s t r i b u t i n g  type  ( in  t h e  limbs) 

than i n  arteries of t h e  e l a s t i c  o r  conducting type ( i n  t h e  a o r t a ) .  

We a r e  a l so  ab le  t o  confirm reports by Soma and Staehe l in  (Bibl.12, 13, 

e tc . )  that t h e  mean pulse wave veloci ty  is higher i n  t h e  lower limbs than i n  

t h e  upper. 

110 t o  150%. 

This d i f fe rence  arnounts on t h e  average t o  130$, and ranges from 

Fig.2 Rate of  Propagation of Pulse Wave i n  
Various Parts  of t h e  Limbs 

Lines with c i r c l e s :  var ia t ions  of ve loc i ty  i n  t h e  limbs 
of healthy sub jec t s ;  l i nes  with dots :  i n  t h e  limbs of 

pa t i en t s  w i t h  e n d a r t e r i t i s  ob l i t e r ans  

According t o  Gauer (Bibl.51, t h e  velocity of t h e  FCLS~ wave i n  t h e  blood 

vesse l s  of t h e  lower limb is  prac t ica l ly  constant over i t s  e n t i r e  length. Ac- 

cording t o  our da ta  as w e l l  (Fig.2), t h e  pulse wave ve loc i ty  i s  sharply higher 

i n  t h e  proximal par t  of t h e  lower limb than it is i n  t h e  ao r t a ,  but  then it &2 

regular ly  dec l ines  i n  t h e  t i b i a  i n  a l l  t es t  subjec ts .  On t h e  d i s t a l  divis ion 

of t h e  lower limb as w e l l ,  we noted a regular  rise i n  t h e  pulse wave veloci ty .  

We a l s o  confirmed t h e  da ta  by Hauk who found t h a t ,  i n  t h e  wrist, t h e  ve loc i ty  

of t h e  pulse wave i s  sharply lower than on t h e  forearm. 

It follows from these  da ta  that the  pulse wave i n  muscular-type a r t e r i e s  

passes a t  va r i ab le  ve loc i ty .  

We have not ye t  found a sa t i s f ac to ry  explanation f o r  t h e  observed va r i a t ion  

9 



pat te rns  of t h e  pulse wave ve loc i ty  i n  t h e  arteries of t h e  limbs, but  even 

today they do have a ce r t a in  p r a c t i c a l  value i n  t h e  examination of pa t ien ts  with 

vascular  disease.  For example, i n  various forms of e n d a r t e r i t i s ,  as a rule, 

t h e  rate of propagation of t he  pulse wave decl ines  (see Fig.2). This s i g n  

appears as e a r l y  as t h e  disturbance of t h e  amplitude gradient  of t h e  pulse. 

The conclusion that t h e  ve loc i ty  of the pulse wave of t h e  pa t ien t  is r e l a t i v e l y  

decreased (espec ia l ly  i n  cases of  a mild vascular  d i sorder )  can be establ ished 

only by comparison with normal standards. 

values of t h e  ve loc i ty  that are s ign i f i can t  but a l s o  t h e  character  of t h e  var i -  

a t i o n  of V i n  various regions of t h e  limbs. 

Here, it i s  not only t h e  absolute  

CONCLUSIONS 

1. The amplitude of t h e  volume sphygmogram i s  not t h e  same f o r  d i f f e r e n t  

regions of t h e  upper and lower limbs. 

form of our  proposed amplitude gradients of t h e  pulse i n  the  extremit ies .  

2. The va r i a t ions  i n  pulse amplitude are probably coraected w i t h  t h e  

These va r i a t ions  may be described i n  t h e  

anatoqy of t h e  arterial  blood vesse ls  i n  various regions of t he  limbs. 

3. The rate of propagation of the pulse wave i n  various regions of  t h e  

limbs is a var iab le  quant i ty  which depends on t h e  s i t e  of sphygmmetry. 
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